There is scant research-based evidence regarding what the public is interested in knowing about science, and more knowledge is needed to tailor relevant and engaging formal and free-choice science environments for different publics. This methodological paper describes the potential and limitations of three existing web-based tools -Google Trends, Google Zeitgeist, and Google Insights for Search -for PUS research. It shows how these tools can be used to (1) identify interests in science and pseudoscience (2) conduct a cross-national comparison of popular science and pseudoscience-related searches (3) discover possible motivations when searching for specific terms. Trends identified using analyses of online queries are discussed. These provide a bottom-up assessment of PUS, and may add another argument to the controversy regarding quantitative measures and the deficit model.
Introduction
Although science and technology (S&T) are involved in ever increasing parts of our lives, the degree of public ignorance in science revealed by surveys is very distressing, and many do not reliably distinguish between scientific and nonscientific knowledge claims (National Science Board, 2008) . This situation might be partially remediated by better catering to the public's authentic science interest and needs, which allows science communicators to respond to a demand rather than push irrelevant information into the public sphere.
Interest is a powerful motivator (Deci, 1992) , which may play a role in learning through its contribution to connection with the content, allowing to maintain that connection for long enough to be able to learn (Ainley et al., 2002) . Much of what is known about the public's interest in science originates from very general surveys (e.g. Eurobarometer, 2005; National Science Board, 2008) . However, there is scant research-based evidence regarding specific science interests and information needs of the public, and more knowledge is needed in order to tailor relevant and engaging formal and free-choice science learning environments.
The aim of this paper is to examine and assess the potential and limitations of three existing web-based tools that make use of search query data, Google Trends (GT), Google Zeitgeist (GZ), and Google Insights for Search (GIS) , to study public interest in science. In particular, it demonstrates how the analysis of popular search queries submitted to Google can be useful in identifying interests in science and pseudoscience, conducting a cross-national comparison of popular science and pseudoscience-related searches, and discovering possible motivations when searching for specific terms.
Ultimately, this paper is meant to encourage further investigation and use of these publicly available tools in order to identify public interest in science in different countries as well as describe its development over time.
Theoretical background
In keeping with Falk, Stroksdieck, and Dierking's claim that the "key to future success in public science education depends upon achieving a more accurate understanding of the where, when, how, why and with whom of the public's science learning " (2007: p. 464 ), this study contributes by analyzing tools designed to probe what the public is interested in knowing about science. It is aimed at providing some insights into the public's "working knowledge" of science; namely knowledge generated by the learner's own interests and needs, which is also referred to as "citizen science" (Jenkins, 1999) .
Positive relationships have been reported between individual interest and a wide range of learning indicators (Pintrich and Schunk, 2002) . Interest may play a role in learning through its contribution to learners' connection with the content, allowing them to maintain that connection for long enough to be able to learn (Ainley et al., 2002) . Interest has also been found to influence future educational training and career choices (Krapp, 2000) , an important feature in terms of the urgent need to counter young people's declining interest in pursuing scientific education and careers (Osborne and Dillon, 2008; Rocard et al., 2007) . In a recent survey, when presented with several choices of scientific study, only a minority of young Europeans (aged between 15 and 25) said they were considering them (Eurobarometer, 2008a) . Thus, there is a real need for more information on the scientific interests and needs of lay people to tailor relevant and engaging formal and free-choice science environments and content for different publics.
The general public seeks out scientific information primarily for reasons related to personal interest, need and/or curiosity (Falchetti et al., 2007; Falk et al., 2007) . Much of what is known about the general public's interest in science originates from surveys summarized by the Eurobarometer reports (Eurobarometer, 2005 (Eurobarometer, , 2008a and the biannual American Science & Engineering Indicators reports (National Science Board, 2008) . When EU citizens were asked what news-related issues they were interested in, 31% mentioned scientific research (by comparison, sports headed the overall ranking of interests at 40%), with medicine and the environment regarded as the most interesting topics in the field (Eurobarometer, 2005) . When presented with several options, 67% of young Europeans said they were interested in science news, which was ranked lower than culture and entertainment (89%) but higher than economics (44%) or politics (43%) (Eurobarometer, 2008a) . Eurabarometer surveys suggest that interest in science declined between 1992 and 2001, although knowledge is on the rise (Miller et al., 2002) . On the other side of the Atlantic, interest in science and technology has become part of American culture (Miller, 2004) . However, the percentage of Americans who say they follow science and technology [S&T] news closely has declined over the past 10 years, more than in other topics covered by the news media (National Science Board, 2008) .
Like Europeans, Americans are more interested in medicine than in S&T in general.
However, interest in new medical discoveries seems to be much lower in Asian countries than in the West (National Science Board, 2008) . Over 40% of young Europeans said they were very interested in new inventions and technologies, as well as in the Earth and the environment (Eurobarometer, 2008a) . Relative to other S&T-related topics, interest in space exploration has consistently ranked low in the USA. Surveys in Europe (Eurobarometer, 2008a) , Russia and Japan also document this general pattern (National Science Board, 2008) .
A recent National Academies Internet survey entitled "What matters to you?" asked surfers to choose five most interesting issues from a list of 21 science-related topics. The most popular topics were energy, space science and exploration, climate change, education and learning, and stem cell research (The National Academies, 2008).
However, no information was provided as to the sample size or the characteristics of the respondents. This may explain the surfers' interest in space science and exploration, which was not exhibited by the general public.
Research approach and research questions
While most of previous studies are based on a top-down approach, i.e. identifying specific concepts that should be interesting or important to the public according to experts, there are very few studies based on a bottom-up approach, i.e. striving to establish a framework describing genuine public interest, whatever this interest might be (see, for example, Schummer, 2005 , Baram-Tsabari et al., 2007 Falchetti et al., 2007) . Our current study uses a method of data mining (knowledge discovery in databases), which can be used both as bottom-up and top-down approach to discovering patterns (Liu and Ruiz, 2008 ). An example of a bottom-up approach in this research context is finding the ten most popular queries related to science in a certain time frame.
An example of top-down approach is studying the search trends of a predefined list of science-related concept.
Keywords entered into search engines can be a useful resource for detecting people's information needs (Murata, 2006; Segev & Ahituv, 2010) . This approach has been used to study trends and interests worldwide. Very recently, Ginsberg et al. (2009) To respond to this need, the present study describes the potentials and limitations for PUS research of three existing web-based tools which analyze trends in online search queries. Specifically, we explore four ways in which the tools may be used:
(1) Identifying interests in science and pseudoscience using bottom-up and top-down approaches.
(2) Conducting cross-national comparisons of popular science and pseudosciencerelated searches. 
Methodology
The rapidly expanding use of the Internet by the lay public for researching S&T-related interests calls for a closer look at existing web-based tools. Google is the most widely used search engine today. An estimated 9.1 billion search queries were conducted at Google Search by Americans in March 2009 alone, representing 63.7% of all search queries run during that time period in the USA (comScore, 2009). These trends are reflected worldwide. It is estimated that 74% of online users turn to Google first when they search for information on the web (Hinman, 2005) . Since it is the most widely used, we chose Google and its advanced features as our data source, analyzing millions of search queries daily to define the main trends in the Zeitgeist, "the spirit of the times" (Google's definition), with regard to public interest in science today. In particular, we II. GZ (www.google.com/press/intl-zeitgeist.html) provides a monthly report on the most popular search queries in different countries. Zeitgeist by Country displays either the top ranking queries in a domain (that is, the most popular searches with respect to the previous month) or the top queries in a domain (that is, a selection of the top queries).
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III. GIS (www.google.com/insights/search/#) is a more elaborate development of GT, which also combines some features from GZ. It shows the top searches and increasingly popular searches in specific categories (such as Science, News and Current Events, Entertainment, etc.), provides related searches and allows for a more advanced cross-national comparison using a visual world map.
Choosing specific search queries. In order to use GT specific search queries need to be selected. A list of potential general and specific science-related search queries was constructed -stretching from Science and Physics on one end of the generality spectrum to Quantum mechanics and CERN on the other end. At the first stage terms appearing in the Eurobarometer and Science and Engineering Indicators surveys were collected (virus, bacteria, gene etc.), and pseudoscience-related terms were extracted from relevant Internet sites 3 . In addition, the extensive database of popular searches in GZ that provides a list of more than 8,000 popular search queries from different countries since 2004 was examined, and all scientific and pseudoscientific search terms were identified.
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In the second stage GT was used to identify the popular scientific and pseudoscientific search terms, and relatively unpopular search terms were eliminated from the list. Search terms that were extensively used in other than scientific contexts were abundant as well, and related, more specific terms were added in a trial and error manner. The list of search queries appears in Table 1 . Bottom-up approach was used, as well, indicating popular queries in science related searches using GIS.
[ Table 1 about here]
Results
Three general science-related search queries, Physics, Biology and Chemistry, were As in the case of global warming, GT may be used to triangulate trends described by the literature in certain science and pseudoscience topics. A tempting comparison of the search queries Astrology and Astronomy, both of which topics were found to be of high interest to the lay public (National Science Board, 2008), showed more searches for Astrology than for Astronomy (Figure 2 ). Astrophysics was a far less popular search term than Astronomy, less popular even than the pseudoscience search query Homeopathy.
The number of news items that appeared in Google News, however, was higher for Astronomy ( Figure 2 , middle panel). India displayed the highest proportion of searches for Astrology (Figure 2 , bottom panel).
[ Figure 2 about here]
However, more specific search terms for astronomy-and astrology-related information are used in different languages, and even among English-speaking users. GZ provides a possible methodological remedy for this semantic problem by indicating the appropriate search terms used in different countries to search for these topics. Table 2 summarizes the most popular searches related to astrology as they appeared in GZ in 2004 and 2005.
According to GZ many people use the term Horoscope in different variations when referring to astrology. In this case, GZ is a more useful tool for conducting a crossnational comparison, suggesting that Germany and Japan display relatively more popular searches related to astrology than other countries. Similarly, the term Astronomy is very general. People around the world use more specific terms such as Mars and NASA to find astronomy-related information (Table 2) .
[ motivations were different. The top search terms related to the query Science were science museum, science fair, science center, science projects, computer science, science journal, science project, museum of science, science fiction, and science fair projects.
Thus most searches for 'science' were most probably carried out for formal or informal educational-related reasons.
Leaving the search term empty and limiting the search to the previous 12 months provides information on searches that increased during that period; i.e., searches that experienced significant growth in a given time period, with respect to the preceding time Indonesia was the only country in which more searches were done for the latter than the former. Users from India and Bangladesh were far more interested in searching for 'Large Hadron Collider' than for 'Black hole' (a ratio of 3 to1), while users in Greece preferred the search term 'CERN' when looking for information on that topic. This type of global and local data sheds some light on the public's actual interest in science in a bottom-up approach.
The worldview of GIS provides a global picture on search trends a well as the functional digital divide. No data is provided in many cases for central and western
African countries, while Africa's east cost is much better represented. Nine out of the ten leading countries in searches for HIV are African countries (Ethiopia, Botswana, Uganda, Zambia, Kenya, Tanzania, Nigeria, South Africa, and Ghana), and many of the same countries showed relatively high percentage of searches for the general search term Physics. However, almost no searches for the specific search term CERN were indicated in these countries.
We would like to conclude the results section with preliminary ideas for further research on the relation between media attention and public interests. According to Miller proportion of searches) may be used as a naturalistic methodology for assessing media impact on information seeking. Various studies on media effects suggest that news has a certain, although not absolute, impact on public interests in general (Dalton et al., 2001; McQuail, 1992; Yao, 2007) and on PUS in particular (Nisbet and Goidel, 2007; Nisbet et al., 2001) . However, there are no specific studies connecting media effects and sciencerelated information seeking behavior.
While it is not clear whether the media attention to global warming was the cause or the result of increased public concern and interest ( Figure 3 [ Figure 3 about here]
Nonetheless, it is important to note that the capacity of Google Trends to predict the connection between news coverage and public interests is limited. A model that examines more accurately the connection between news coverage and science-related searches is currently being developed by the authors. This could further help researchers to identify more accurately long-term and short-term interests in science and pseudoscience, and assess the role of media in shaping these interests.
Discussion
The expanding use of the Internet for searching specific science information makes it increasingly possible to use web-based tools to learn more about users' needs and interests. This paper suggests a method to use publicly available tools to identify interests in science and pseudoscience using a bottom-up and a top-down approach, conduct crossnational comparisons of popular science and pseudoscience-related searches, discover possible motivations for searching for specific terms, and assess the impact of news coverage.
Using these web-based research tools, we were also able to shed light on several trends. Some of the results confirm and reinforce what is already known about the public's interest in S&T from surveys, using a different data source and methodology.
However, this study also provides new insights into public understanding of science issues. On a global scale it was found that the proportion of S&T-related searches decrease, both for general and specific search terms, with 'Global warming' being an exception. Some science and pseudoscience terms had a similar level of interest on the global level, but their popularity differed greatly between countries. On the national level it was found that some countries displayed relatively higher percentages of sciencerelated searches, possibly due to the higher percentage of students among users in these countries.
The application "related searches" provided clues to the motivations behind sciencerelated searches. Related searches for DNA were mostly content and methodologyrelated concepts, while terms related to the query 'Science' were performed for a formal or informal educational-related reason. Several specific science-related terms, such as 'global warming', 'stem-cells', 'intelligent design', and 'Large Hadron Collider' correlate closely with the media attention given to a topic. To that end, various studies on media effect suggest that news have a certain, although not absolute, impact on public interests in general (Dalton et al., 2001; McQuail, 1992; Yao, 2007) and on PUS in particular (Nisbet et al., 2001; Nisbet and Goidel, 2007) . However, there are no specific studies connecting media effect and science-related search behavior.
While it is not clear whether the media attention to Global Warming was the cause or the result of increased public concern and interest ( Figure 3 Nonetheless, it is important to note that the capacity of GT to predict the connection between news coverage and public interests is limited. A model that examines more accurately the connection between news coverage and science-related searches is currently being developed by the authors. This could further help researchers to identify more accurately long-term and short-term interests in science and pseudo-science, and assess the role of media in shaping these interests.
Limitations
The potential of these new research tools for PUS research is considerable. However, the use of these tools for academic research has a number of crucial limitations. First, GT provides only an arbitrary scale system, thus making the comparison qualitative rather than quantitative. Second, the need to specify search terms in advance limits the comparison to a specific country or language. The data available in GZ and GIS is therefore more useful for conducting a cross-national comparison or validating and supporting the result in GT. Search terms need to be specific as possible, to avoid overlaps of searches with entertainment or consumer focus, such as in the case of the search term Plasma.
Neither of these tools can be used to study individual user behaviors. Finally, a problem common to all data mining research is the existence of a digital divide. Online research tools represent to some degree the interests of people from industrialized societies, usually from middle and upper class families, who use the Internet resources to pursue their science interests.
Notwithstanding these disadvantages, the combination of GT, GZ and GIS was found to be instrumental for probing the public's interests of science research. It provides practical and useful culturally sensitive measures for those who wish to know what people want to know in science and technology.
Another look at the methodology-ideology wars
The research approach presented here contributes to the methodology-ideology controversy within the PUS community. Bauer at el. (2007) highlighted the erroneous association between the deficit model and quantitative research methodologies. This argument claims that survey researchers necessarily presume a public deficient in knowledge, attitude or trust and therefore they will find it whereas using exclusively qualitative protocols would avoid this bias. Bauer at el. (2007) argue that there is no such dependency between particular agendas and particular research protocols. Similarly, Nisbet and Goidel (2007) stressed the unnecessary methodological and conceptual divide Table 1 
